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As the initial and most important stage of design process for mechanical products, conceptual 
design has a substantial influence on the smooth implementation of other stages in the product 
lifecycle. Meanwhile, there are more risks in conceptual design stage compared to other stages and 
how to ensure that conceptual design is carried out closely around design goal is one of the issues 
the existing design engineers need to solve. A method of mechanical product design driven by 
generalized performance is proposed in the paper, in which function, quality and constraint as 
input factors, and social performance, technology performance and economic performance as 
output factors. Finally, the proposed methods, theories and techniques are verified using practical 
cases respectively. 
The main contents of this dissertation can be summarized as follows: 
(1) The elements of generalized performance are analyzed and the related concepts are strictly 
defined. Based on the multi-level evolution model of conceptual design for mechanical product, 
the evolution of function, quality and constraint is analyzed. The design information is categorized 
and the type of information needed in different stages of the evolution process is determined, then 
the information acquisition method in performance-driven product design process is discussed. 
The simplification methods of early design schemes are proposed to reduce the difficulty of 
system performance analysis and prediction. A multi-level model of conceptual design for 
mechanical products is established to provide a theoretical basis for conceptual design of 
mechanical products driven by generalized performance. 
(2) Model of design scheme performance forecasting is constructed, based on which the 
performance prediction process of principle scheme is proposed. The maturity level of principle 
scheme is determined using the curve slope of number of patent applications per year, number of 
patent citations per year and family size per year, which serves as the quantitative prediction index 
of scheme maturity. Calculation methods of technology maturity and integration maturity are 
proposed and the prediction model of system maturity is established. 















required information to construct simulation model is obtained by Case-Based Reasoning 
Technology ,then the Orthogonal Test Technology is used to optimize the simulation process. Four 
strategies are proposed to simplify the simulation model based on the relative importance of input 
variables. Finally, the prediction process for technological performance of mechanical product 
structure schemes is established based on simulation. 
(4) The cost of mechanical components is classified into cost of homemade part, cost of 
purchased part, assemble cost and other cost .The corresponding driven factors are analyzed to 
establish the mathematical model of cost. The features of components are determined by the 
coupling relationship between components and the constraint relationship network between 
different feature parameters is established to determine the component geometric parameters with 
environmental input parameters. The mapping relation between function requirements and feature 
parameters is analyzed, and the accuracy of the geometric parameters is determined using design 
matrix. The method to reduce specification number is introduced to expand the scope of case 
retrieval. The boundary conditions of target specification are determined by expectations of 
specification. Finally, the cost estimation process of mechanical design scheme oriented to the 
“poor” information/data is established. 
(5) The conceptual design process of triangular track crawler unit is utilized as an application 
example to demonstrate and verify the feasibility and efficiency of the proposed method. The 
product design system driven by the generalized performance integrating main functions of 
performance forecast and optimal scheme selection is developed to effectively manage and guide 
the conceptual design process of mechanical products. 
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